1. Introduction {#sec1-animals-10-00624}
===============

Pig (*Sus scrofa*) is a vital agricultural animal for meat production \[[@B1-animals-10-00624]\]. Fat deposition is an important economic trait because it is correlated with carcass quality, meat quality, and consumer palatability \[[@B2-animals-10-00624]\]. Backfat thickness is a good indicator for fat deposition, and is usually measured within a certain period and at a specific age, then adjusted to a specified weight (100 kg). The backfat trait is highly heritable \[[@B3-animals-10-00624]\]. Selection for reduced backfat thickness has been effective \[[@B4-animals-10-00624]\] and is used directly in pig breeding \[[@B5-animals-10-00624]\].

MicroRNAs (miRNAs) are 18--22 base pair (bp) non-coding RNAs that are thought to regulate more than 60% of genes in almost all physiological and pathological processes \[[@B6-animals-10-00624]\]. Fat deposition is a complex biological process regulated by multiple factors, including miRNAs. In adipose tissue, miRNAs have been found to play important roles in adipocyte differentiation \[[@B7-animals-10-00624]\] and lipid metabolism \[[@B8-animals-10-00624]\]. For instance, miR-127 was found to be a negative regulator of adipogenesis by targeting the genes encoding mitogen-activated protein kinase 4 (MKK4) and homeobox C6 (HOXC6) in porcine adipocytes \[[@B9-animals-10-00624]\], and miR-302a inhibited adipogenesis by interacting with the 3′ UTR of peroxisome proliferator activated receptor gamma (*PPARγ*) mRNA \[[@B10-animals-10-00624]\].

Only 520 mature pig miRNAs (460 of which are not located in scaffolds) are recorded in the miRBase database (Release 22.1) (<http://www.mirbase.org>), which is much lower than the number of mature human miRNAs (2656) \[[@B11-animals-10-00624]\]. High-throughput sequencing can provide precise data on miRNA expression levels. A few studies of miRNAs in porcine adipose tissue have been reported, including differences in miRNA expression between sexes \[[@B12-animals-10-00624]\], among breeds \[[@B13-animals-10-00624],[@B14-animals-10-00624]\], at different developmental periods \[[@B15-animals-10-00624]\], and in relation to backfat thickness \[[@B16-animals-10-00624],[@B17-animals-10-00624]\]. However, the functions and molecular regulatory mechanisms of miRNAs in pig fat deposition are not clearly understood.

In this study, we used high-throughput RNA sequencing (RNA-seq) to reveal miRNA expression patterns in porcine backfat tissue, and to identify differentially expressed miRNAs between pigs with highly divergent backfat thickness. Furthermore, mRNA--miRNA interactions were analysed in silico, to define a potential regulatory network affecting pig fat deposition.

2. Materials and Methods {#sec2-animals-10-00624}
========================

2.1. Animals {#sec2dot1-animals-10-00624}
------------

Using the same animals (female Landrace pigs) and methodology that we used in a previous study \[[@B18-animals-10-00624]\]; high backfat (HB) and low backfat (LB) pairs were selected as follows. The HB individual in a pair, had at least twice the backfat thickness as the LB individual, and the HB/LB pairs were full-siblings from the same litter. All 132 female Landrace pigs (185.53 ± 8.82 days old; 93.27 ± 18.64 kg) were kept in uniform and standard conditions and had ad libitum access to the same diet (Ninghe, China). Backfat thickness was measured between the 3rd- and 4th-last ribs using real-time B-mode ultrasonography (Honda Electronics, Toyohashi, Japan). Age, weight, backfat thickness, and pedigree information for the chosen pigs are shown in [Supplementary Materials](#app1-animals-10-00624){ref-type="app"} [Table S1](#app1-animals-10-00624){ref-type="app"}. Three of the HB/LB pairs that showed extremes of backfat thickness were selected for miRNA-seq ([Figure 1](#animals-10-00624-f001){ref-type="fig"}). The backfat thickness was adjusted to 100 kg as follows:$${BFAD} = {BF} \times \frac{13.983}{13.983 + \left( {0.126014 \times \left( {{BW} - 100} \right)} \right)}$$ where BFAD is backfat thickness adjusted to 100 kg, BF is backfat thickness, and BW is body weight.

BFAD was compared between the HB and LB groups using a t-test. BF and BFAD both showed significant differences between the two groups. The six selected pigs were slaughtered in a commercial abattoir (Beijing Huadu Sunshine Food Co., Ltd., Beijing, China), and their backfat tissue was collected. All efforts were made to minimize animal suffering during this study, which was approved by the Animal Welfare Committee of the China Agricultural University (permit number: DK996). Backfat adipose tissue between the 3rd- and 4th-last ribs was isolated and immediately frozen in liquid nitrogen for total RNA extraction.

2.2. RNA Extraction, Library Preparation, and Sequencing {#sec2dot2-animals-10-00624}
--------------------------------------------------------

Total RNA was extracted from the backfat tissue using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's recommendations. The concentration and purity of the extracted RNA were evaluated using a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). RNA integrity was assessed using 1.5% agarose gel electrophoresis and the Agilent RNA Nano 6000 Assay Kit for Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) to ensure the samples were suitable for transcriptome sequencing. Six small RNA libraries were prepared from the total RNA using a TruSeq^®^ Small RNA Sample Prep Kit (Illumina^®^) following the manufacturer's suggested protocol, then sequenced on an Illumina HiSeq 2000 platform (Illumina, San Diego, CA, USA) to obtain 50-bp single-end reads.

2.3. Statistical Analysis of the RNA-seq Data {#sec2dot3-animals-10-00624}
---------------------------------------------

Clean reads were obtained by removing adapters, low-quality reads, and reads \<18 bp or \>30 bp using the Fastx-toolkit (<http://hannonlab.cshl.edu/fastx_toolkit>). The obtained clean reads with high quality were used in the subsequent analyses. The clean reads were aligned to the Silva, GtRNAdb, Rfam, and Repbase databases, and the identified ribosomal RNA (rRNA), transfer RNA (tRNA), small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), and other ncRNA sequences were removed. The remaining reads were mapped to the porcine reference genome (Sscrofa11.1, <ftp://ftp.ensembl.org/pub/release-99/fasta/sus_scrofa/dna/>) and searched against known miRNA sequences in miRBase 22.1 (408 miRNA precursors; 457 mature miRNAs) to identify miRNAs using Bowtie v 1.1.1 with the default parameters \[[@B19-animals-10-00624]\]. The expression levels of the miRNAs in the six libraries were normalized as transcripts per million (TPM) \[[@B20-animals-10-00624]\]. MiRNAs expressed at marginal levels (average of \<1 TPM in the six samples) were removed because they are not useful and would add noise to the pairwise comparisons among the libraries. Differentially expressed miRNAs (DEMs) were identified using the edgeR package \[[@B21-animals-10-00624]\]. MiRNAs were considered to be differentially expressed when the false discovery rate (FDR) was ≤0.05 and the fold change (FC) was ≥2 or ≤0.5, calculated as \|Log~2~FC\| ≥ 1). DEMs also were detected between individual pigs in each pair of siblings using edgeR.

2.4. Prediction and Functional Analysis of DEM Target Genes in Silico {#sec2dot4-animals-10-00624}
---------------------------------------------------------------------

Because no porcine species is represented in either of the current miRDB (<http://www.mirdb.org/>) \[[@B22-animals-10-00624]\] or TargetScan (<http://www.targetscan.org/>) \[[@B23-animals-10-00624]\] databases, we used the homologous human miRNAs to predict putative targets. To reduce false positives, genes with a target scores of less than 80 in miRDB and a total context score of more than −0.40 in TargetScan were removed. Target genes that were predicted by both tools were retained for further analyses. Potential functions and pathways of the target genes were analysed using OmicShare tools (<https://www.omicshare.com/tools/>). The threshold for significant Gene Ontology (GO) terms and Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathways was set as q-value \< 0.05. In a previous study, we identified differentially expressed genes (DEGs) between HB and LB groups \[[@B18-animals-10-00624]\]. Target genes that were among the previously identified DEGs were considered as important candidate genes. Pearson and Spearman correlation coefficients between predicted miRNA--mRNA (target gene) pairs were calculated using R software. Significant negatively correlated DEM--DEG pairs were considered to have important regulatory relationships.

2.5. Quantitative Real-Time PCR {#sec2dot5-animals-10-00624}
-------------------------------

Quantitative real-time PCRs (qPCRs) were performed to confirm changes in miRNA expression levels between the HB and LB groups. Seven miRNAs were selected for validation. The same RNA samples that were used for the high-throughput RNA-seq were transcribed into cDNA using the stem-loop primer method for miRNAs. Porcine U6 snRNA was used as the internal control to correct for miRNA analytical variations \[[@B24-animals-10-00624]\]. The qPCRs were performed using the Power SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA) in an ABI 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The qPCRs were performed by the Beijing SinoGene Scientific Co., Ltd.

3. Results {#sec3-animals-10-00624}
==========

3.1. Overview of the miRNA Transcriptomes Profiles in the Six Libraries {#sec3dot1-animals-10-00624}
-----------------------------------------------------------------------

An average of 17.29 million raw reads were obtained from the six libraries. After removing adaptors, contamination, and low-quality reads, 90.15% of the raw reads remained as clean reads. The clean reads were aligned against the porcine reference genome (Sscrofa11.1), and 62.27% of them were successfully mapped ([Supplementary Materials](#app1-animals-10-00624){ref-type="app"} [Table S2](#app1-animals-10-00624){ref-type="app"}). Among the clean reads, 4.99%, 0.13%, and 1.55% were identified as rRNAs, snoRNAs, and tRNAs, respectively.

3.2. Expression Patterns of miRNAs in Backfat Tissue {#sec3dot2-animals-10-00624}
----------------------------------------------------

A total of 318 known porcine miRNAs (average TPM ≥ 1) were identified in the six libraries by searches against miRBase 22.1 ([Supplementary Materials](#app1-animals-10-00624){ref-type="app"} [Table S3](#app1-animals-10-00624){ref-type="app"}). The length distribution of the miRNAs showed that most of them were 21--23-nt in length, and the majority were 22-nt long. The number and expression levels of the miRNAs were similar in each library. Three known miRNAs (ssc-miR-1, ssc-miR-148a-3p, and ssc-miR-143-3p) had an average of approximately 1,000,000 reads each, and 20 known miRNAs had \>100,000 reads each.

3.3. Identification of Differentially Expressed miRNAs {#sec3dot3-animals-10-00624}
------------------------------------------------------

The expression levels of the miRNAs in the LB and HB groups were compared to identify DEMs using the edgeR package with a cut-off of FDR ≤ 0.05 and \|log~2~FC\| ≥ 1. A total of 18 DEMs were detected; 6 were up-regulated and 12 were down-regulated as detailed in [Table 1](#animals-10-00624-t001){ref-type="table"} and [Figure 2](#animals-10-00624-f002){ref-type="fig"}.

We identified 48, 12, and 0 DEMs using a threshold of q-value ≤0.05 and \|log~2~FC\| ≥1, and 128, 18, and 18 DEMs using a threshold of *p*-value ≤0.05 and \|log~2~FC\| ≥1 between individual pigs in each full-sibling pair. Six of the DEMs (ssc-miR-371-5p, ssc-miR-375, ssc-miR-202-5p, ssc-miR-183, ssc-miR-429, and ssc-miR-9) were common among the three pairs as detailed in [Supplementary Materials](#app1-animals-10-00624){ref-type="app"} [Table S4](#app1-animals-10-00624){ref-type="app"}. In this study, we focused our analysis on the DEMs obtained by treating the pairs as three biological replicates.

3.4. Target Gene Prediction and Functional Annotation {#sec3dot4-animals-10-00624}
-----------------------------------------------------

To elucidate the functions of the DEMs, we predicted their potential target genes. A total of 3600 and 2124 putative target genes were found for the 18 known DEMs using miRDB and TargetScan ([Supplementary Materials](#app1-animals-10-00624){ref-type="app"} [Table S5](#app1-animals-10-00624){ref-type="app"}), respectively. Among them, 942 genes were common in the two predictions, so these were selected for further analysis. The KEGG analysis annotated most of these target genes as involved in metabolism, including lipid and carbohydrate metabolism, and glycan biosynthesis and metabolism ([Figure 3](#animals-10-00624-f003){ref-type="fig"}).

3.5. Proposed mRNA--miRNA Regulatory Relationship in Silico {#sec3dot5-animals-10-00624}
-----------------------------------------------------------

In a previous study \[[@B18-animals-10-00624]\], we identified 564 DEGs in backfat tissue from pigs with HB and LB thickness phenotypes ([Supplementary Materials](#app1-animals-10-00624){ref-type="app"} [Table S6](#app1-animals-10-00624){ref-type="app"}), and 28 of them were among the 942 predicted target genes of the DEMs identified in the present study. An integrated analysis of the mRNA and miRNA expression profiles found 51 mRNA--miRNA pairs that were differentially expressed between the HB and LB groups. Twenty of these pairs showed opposite expression patterns between the two groups; however, only four of these pairs (miR-137--*PPARGC1A*, miR-141--*FASN*, miR-122-5p--*PKM*, and miR-122-5p--*CCNG1*) had significant negative relations in the Pearson correlation (correlation value ≤ −0.8; *p*-value ≤ 0.05). Two pairs (miR-141−*FASN* and miR-122-5p−*PKM*) had significant negative relationships in the Spearman correlation (correlation value ≤−0.8; *p*-value ≤0.05).

3.6. qPCR Validation {#sec3dot6-animals-10-00624}
--------------------

All the selected DEMs showed the same expression trends in the qPCR and miRNA-seq data ([Figure 4](#animals-10-00624-f004){ref-type="fig"}A). The correlation of fold change between the qPCR and miRNA-seq expression levels was 0.914 ([Figure 4](#animals-10-00624-f004){ref-type="fig"}B). These results indicated that the DEMs identified using the RNA-seq data were reliable.

4. Discussion {#sec4-animals-10-00624}
=============

In this study, we characterised female Landrace pigs as having high or low backfat thickness. Landrace pig populations generally have low levels of fat deposition, including backfat thickness. However, we detected phenotypic variations in backfat deposition among the 132 experimental pigs (5.76 ± 1.75 mm) \[[@B18-animals-10-00624]\]. Significant differences in backfat thickness, but no differences in body weight, were observed between the pigs in the HB and LB groups, which implied that the differences in fat deposition were not caused by changes in body weight. We selected three HB/LB pairs of full-sibling pigs to assess differences in gene expression because we considered this strategy would reduce the noise associated with differences in the digenetic background and the possibility of false-positive results \[[@B16-animals-10-00624],[@B25-animals-10-00624]\]. Using only three animal replicates for the HB and LB groups limits the conclusions that can be drawn from this study. However, the results provide valuable insights into the roles of miRNAs in regulating fat deposition that can be investigated in future studies. Some other studies that have reported miRNA--mRNA regulatory networks in animals have also used small numbers of animals \[[@B16-animals-10-00624],[@B25-animals-10-00624],[@B26-animals-10-00624]\].

High-throughput RNA-seq is a useful technology for analysing global miRNA expression patterns. We detected 403 known mature miRNAs among the six libraries using RNA-seq, which is a higher number than the previously reported numbers of miRNAs detected in porcine adipose tissue by RNA-seq (namely, 172 \[[@B27-animals-10-00624]\], 222 \[[@B28-animals-10-00624]\], 227 \[[@B15-animals-10-00624]\], 239 \[[@B14-animals-10-00624]\], 283 \[[@B12-animals-10-00624]\], and 309 \[[@B16-animals-10-00624]\]), but lower than the number (409) obtained by Davoli et al. \[[@B17-animals-10-00624]\]. Although miRBase does have some weaknesses, it has been used widely for identifying porcine miRNA and is a popular and reliable platform for miRNA researches \[[@B16-animals-10-00624],[@B17-animals-10-00624],[@B29-animals-10-00624],[@B30-animals-10-00624]\]. Although MiRgeneDB (<https://mirgenedb.org/>) \[[@B31-animals-10-00624]\] and miRCarta (<https://mircarta.cs.uni-saarland.de/>) \[[@B32-animals-10-00624]\] provide more accurate and reliable miRNA annotations, miRNAs from porcine species are not included in the current MiRgeneDB. MiRCarta currently has miRNAs from 148 species, including 390 mature porcine miRNA sequences. All of these porcine miRNAs are also in miRBase. The top 10 most abundant miRNAs among all six samples were ssc-miR-148a-3p, ssc-miR-1, ssc-miR-143-3p, ssc-miR-99a-5p, ssc-let-7i-5p, ssc-miR-26a, ssc-miR-21-5p, ssc-miR-10b, ssc-let-7g, and ssc-let-7c, which implies that they play important roles in fat-related processes in adipose tissue, which is consistent with previous results. For example, miR-148a-3p was found to regulate adipocyte differentiation by targeting the gene that encodes lysine-specific demethylase 6b (KDM6B) \[[@B33-animals-10-00624]\], and miR-143-3p was shown to regulate differentiated adipocytes and several genes involved in insulin signalling at transcriptional or post-transcriptional levels in human in vitro differentiated adipocytes \[[@B34-animals-10-00624]\]. Let-7i-5p was shown to repress brite adipocyte function in mouse and human \[[@B35-animals-10-00624]\], but whether it plays important regulatory roles in adipogenesis was not determined.

Comparative analysis of miRNAomes from animals with opposite phenotypes is a useful method to investigate the functions of miRNAs. MiRNA expression profiles in adipose tissues from fatter and leaner porcine have been reported previously \[[@B12-animals-10-00624],[@B16-animals-10-00624],[@B17-animals-10-00624],[@B24-animals-10-00624]\]. However, only four of the DEMs (ssc-mir-9-1-3p, ssc-miR-133, ssc-miR-183, and ssc-miR-1b) detected in the present study have been reported previously. The low consistency among the studies may be explained by differences in the experimental pigs that were used; for example, breed, body weight, age, and backfat. Several DEMs have been reported to play regulatory roles in fatty acid synthesis, lipid metabolism, and adipogenic differentiation. The expression levels of miR-133 in the fatter animals were found to be significantly lower than its expression levels in the leaner animals in three studies \[[@B16-animals-10-00624],[@B17-animals-10-00624],[@B24-animals-10-00624]\], which is consistent with the results of the present study. MiR-133 is known to inhibit preadipocyte differentiation from brown adipose and subcutaneous white adipose precursors to mature adipocytes by negatively regulating the transcription coregulator gene *PRDM16* \[[@B36-animals-10-00624]\]. Overexpression of miR-137 inhibited both human adipose tissue stromal cell proliferation and adipogenic differentiation by negatively controlling protein and mRNA levels of the cell division control protein 42 homolog (CDC42) \[[@B37-animals-10-00624]\]. MiR-31 has been shown to play an important role in the adipogenic differentiation process \[[@B38-animals-10-00624]\], and could influence body fat distribution by regulating the angiotensinogen (*AGT*) gene \[[@B39-animals-10-00624]\]. MiR-183, which was up-regulated in the HB group, was found to promote 3T3-L1 adipogenesis by inhibiting the Wnt/β-catenin signalling pathway \[[@B40-animals-10-00624]\].

To delineate the mechanisms of fat deposition, we constructed a potential regulatory network by an integrated analysis of the miRNA and mRNA transcriptomes. Several elements were predicted to play important roles in fat deposition and lipid metabolism. The level of fatty acid synthesis was shown to be higher in the backfat of fatter pigs than in the backfat of leaner pigs \[[@B18-animals-10-00624]\]. FASN is a key lipogenic enzyme and a rate-limiting step in de novo fatty acid synthesis in pig \[[@B41-animals-10-00624]\]. *FASN*, a predicted target gene of miR-141, was up-regulated in the HB group, and miR-141 was down-regulated (correlation value = −0.82, *p*-value = 0.047), which indicated that miR-141 may inhibit fatty acid synthesis by regulating *FASN* expression. We also found that up-regulation of *PPARGC1A* was linked to the down-regulation of miR-137 (correlation value = −0.90, *p*-value = 0.032). PPARGC1A was shown to play causal roles in regulating gluconeogenesis and adipogenesis \[[@B42-animals-10-00624]\]. Three potential miR-137 binding sites in the 3′ UTR of *PPARGC1A* have been reported \[[@B43-animals-10-00624]\]. Consistent with our results, *PPARGC1A* expression was found to be negatively correlated with miR-137 expression (*p*-value \< 0.01) \[[@B44-animals-10-00624]\]. These results suggest that *PPARGC1A* may be down-regulated by miR-137 in adipose tissue and may be a new candidate gene affecting backfat thickness in pig. PKM is a pyruvate kinase that is involved in pyruvate metabolism, glycolysis/gluconeogenesis, and upstream pathways in lipid synthesis \[[@B45-animals-10-00624]\]. We found that the expressed levels of miR-122-5p and *PKM* were significantly negatively correlated (correlation value = −0.91, *p*-value = 0.043). MiR-122 has been reported to suppress glucose uptake by down-regulating *PKM* in breast cancer \[[@B46-animals-10-00624]\]. These findings suggest that the miR-122-5p--*PKM* interaction may be a new way of influencing backfat thickness in pigs. The candidate mRNA--miRNA regulatory pairs identified in the present study need to be further investigated to verify their functions in pig fat deposition.

5. Conclusions {#sec5-animals-10-00624}
==============

In this study, we identified 18 DEMs from adipose tissue samples from pigs with high and low backfat thickness phenotypes. A comprehensive in silico analysis of the mRNA and miRNA transcriptomes identified negatively correlated mRNA--miRNA pairs, including miR-137--*PPARGC1A*, miR-141--*FASN*, and miR-122-5p--*PKM*, which may have important roles in fat deposition. The results of this study will facilitate the understanding of the molecular mechanisms involved in regulating fat deposition in pig.
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![Experimental design used in this study. A total of 132 female Landrace pigs were separated into two groups. The HB group comprised pigs with high backfat thickness and included individuals L22512, L23712, and L31210. The LB group comprised pigs with low backfat thickness and included individuals L22509, L23709, and L31208. These six individuals were in the three HB/LB pairs of full-sibling pigs that showed extremes of backfat thickness and were selected for microRNA sequencing.](animals-10-00624-g001){#animals-10-00624-f001}

![Scatter plot of the expression of the differentially expressed miRNAs between the high and low backfat groups. Red dots indicate up-regulated miRNAs in the high backfat group; green dots indicate down-regulated miRNAs in the low backfat group.](animals-10-00624-g002){#animals-10-00624-f002}

![Enriched KEGG pathways of the predicted target genes of the differentially expressed miRNAs between the high and low backfat groups.](animals-10-00624-g003){#animals-10-00624-f003}

![Validation of the genes miRNA expression patterns obtained from miRNA-seq data using qRT-PCR. (**A**) Assessment of Log2FC (fold changes (FC)) using the RNA-seq data and qPCR data for seven selected miRNAs. (**B**) The Relationship of Log2FC between both the high and low backfat groups using the RNA-seq data and qRT-PCR data (*p* \< 0.05).](animals-10-00624-g004){#animals-10-00624-f004}

animals-10-00624-t001_Table 1

###### 

The 18 differentially expressed miRNAs detected in Landrace pigs with low and high backfat phenotypes.

  miRNA             Log~2~(TPM-HB)   Log~2~(TPM-LB)   Log~2~(FC)   *p*-Value   FDR
  ----------------- ---------------- ---------------- ------------ ----------- ----------
  ssc-miR-375       11.54            5.24             5.75         1.25E-07    2.74E-05
  ssc-miR-206       9.27             13.37            −6.12        1.77E-07    2.74E-05
  ssc-miR-133b      4.35             7.30             −5.11        8.06E-07    8.30E-05
  ssc-miR-885-5p    1.69             3.77             −3.78        1.50E-06    1.16E-04
  ssc-miR-1b        14.20            18.01            −5.84        2.01E-06    1.24E-04
  ssc-miR-133a-3p   8.78             11.85            −5.14        2.63E-06    1.36E-04
  ssc-miR-486       5.78             8.27             −4.43        1.13E-05    5.00E-04
  ssc-miR-137       1.64             4.55             −4.23        1.77E-05    6.85E-04
  ssc-miR-9         7.66             11.47            −3.78        1.31E-04    3.69E-03
  ssc-miR-141       9.90             5.72             3.58         2.08E-04    4.82E-03
  ssc-miR-34c       3.43             5.98             −2.81        2.19E-04    4.82E-03
  ssc-miR-31        6.54             3.40             2.59         6.51E-04    1.34E-02
  ssc-miR-205       11.03            7.09             3.23         7.66E-04    1.48E-02
  ssc-miR-183       8.95             5.34             2.85         1.56E-03    2.84E-02
  ssc-miR-122-5p    5.37             7.46             −2.60        1.73E-03    2.96E-02
  ssc-miR-493-5p    3.04             3.61             −2.24        2.29E-03    3.61E-02
  ssc-miR-210       8.08             4.91             2.51         2.34E-03    3.61E-02
  ssc-miR-323       3.90             5.38             −2.18        3.28E-03    4.60E-02

TPM-HB: the average of the TPM value in the HB group, TPM-LB: the average of the TPM value in the LB group, FC: fold change, FDR: false discovery rate.
